Introduction
National Synchrotron Radiation Laboratory (NSRL) in Hefei of China has a synchrotron facility which has 66 m circumference. The storage electron energy and emittance of this synchrotron facility are 800 MeV and 36.4 nm-rad, respectively. A new VUV and soft x-ray beamline is under design for surface physics experiments. This beamline will utilize radiation from an in-vacuum undulator, which has 42 magnetic periods and the period length is 40 mm. The undulator gap can be adjusted from 10 to 30 mm. The magnet field is from 0.18 to 1.06 T. The first harmonic radiation will cover 17 to 125 eV, while the radiation of 20 to 600 eV will be covered by first to fifth harmonics. The flux of the undulator is shown in figure 1 . In the past decades, several types of soft x-ray monochromator have been developed at synchrotron radiation facilities. The Dragon type SGM [1, 2, 5] , SX700 type PGM [3] [4] [5] and varied-line-spacing plane grating monochromator [5] [6] [7] [8] [9] [10] are the most widely used. The SGM is a simple system with only one spherical grating, but the exit is moved to keep the focusing condition. This will cause the spot size changing. The SX700 has at least 3 optical components. It is the most complicated monochromator even it has some unique features. The varied-line-spacing plane grating monochromator (VLS-PGM) has fixed exit slit and only 2 simple optical components is included. So we select the VLS-PGM for this beamline [7] [8] [9] . This monochromator consists of two interchangeable VLS plane gratings and a 
Optical design
A schematic layout of this beamline is shown in figure 2 . The undulator radiation is horizontally deflected and vertically focused by a cylinder mirror M1, which is 7350 mm after the source. The horizontally deflected angle is 6°, so that there is enough space to construct this beamline. The vertical source size (σ y =0.07mm, σ y' =0.1mrad) is too large, so a suitable magnification is needed to meet the requirements of high resolution, and the size of the grating isn't so large at the same time. The focusing magnification is finally chosen to be 5. Entrance arm length (r) of this monochromator is designated as 4300mm to meet the requirements of high resolution. And the exit arm length (r') is calculated to be 4354 mm. Included angle (2K) of grating is changed between 160° and 173.74°. The radiation is horizontally and vertically focused by a toroidal mirror M3, which is located at 1026 mm after exit slit S2, to the sample position. The total length of this beamline is about 20 m. Two interchangeable VLS plane gratings with line densities of 400 l/mm and 1200 l/mm, respectively, are used to cover the photon energy range required. The 400 l/mm grating covers the energy range of 20-200 eV. The 1200 l/mm one covers the range of 60-600 eV. The groove density parameters of the VLS gratings can be expressed by the following equation [8] [9] [10] :  
where w is the position on the grating along the light propagation direction, N is the groove density, N 0 is the groove density at the centre of the grating, a i is the space variation parameters.
Varied line spacing parameters of the gratings were optimized to minimize defocus, coma and spherical aberration in the energy region. And the optimization principle and process is described in detail in the literature [8] [9] [10] . For the 400 l/mm grating, the term of F 20 is eliminated at the photon energies of 20 and 200eV under the conditions of two included angles of 2K 2 and a 3 will be used for the 1200 l/mm grating.
Monochromator performance
Resolution is one of the most important parameters of a beamline. From the grating aberration theory, major contributions to the energy resolution are from aberration, entrance slit, exit slit, slope error of the plane mirror, slope error of grating and diffraction limit. [11] Figure 3 shows the calculated resolution. The opening of the entrance slit S1 is 30μm, while the opening of the exit slit is changed with photon energy to maximize the throughput. Slope errors of the plane mirror and gratings are 0.2 arcsec. The resolving power (E/ΔE) is expected to be 7000-18000. To achieve the high resolution, the precise mechanical movement is needed to rotate the plane mirror and VLS plane grating. In our design, the mechanical rotating accuracy of mirror and grating should be better than 0.8 arcsec. The photon flux at the sample position is estimated by multiplying the photon flux from the undulator [12, 13] , which is shown in figure. 1, with the geometrical throughput, the reflectance of each mirror, diffraction efficiency of the grating and the energy resolution. In this beamline, the geometrical throughput mainly depends on the opening of the slits. The geometrical throughput is evaluated by ESRF ray-tracing code shadow [13] . The efficiency of this beamline is calculated to be about 5%. The photon flux at the sample position is found to be more than 10 12 phs/sec/300mA in the low energy region, and better than 10 9 phs/sec /300mA in the high energy region.
The calculated photon flux on sample position is shown in figure 4 . 
Summary
The optical design of VLS-PGM for surface physics experiments, which will be operating in the photon energy of 20-600 eV at an in-vacuum undulator of NSRL, is present. The raytracing result indicates a good performance of this beamline. The calculated resolving power E/ΔE is 7000-18000 in the energy range with the entrance slit width of 30 µm. The calculated photon flux at the sample position is 1×10 9 -4.5×10 12 phs/sec/300mA for the whole energy region.
